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5w25Pf i^i --"^ wsVrpC n--- I'll 

•xptn^td. Thu». rtduetion of tha frictienal pressurt Ion and the How of such hvdroMr ban HoumV hVi«« 

tufOuiMce. A method of moMuring performdnce of these polymer* l» defined a» 
-Tlirnlnn dle.el-pre.sure drop PO'ymer)^^^ 

, pressure drop dietel oH 

loo lifhCrf^rtiJ^^!!? composition, for reducing fricttonal preuure 

STyliStetSCllJ^^ i^SSi'V" i .ccompiishsd by adding a hSpolymer s5ch as a 

poywooutyiene having an inirinsle viscosity betvi^een 2 and lOdl/g to allow a low totalconeeniratiAA ai 

'^''^ll^ilT:^':!'^'^^'^^^^'^ pound, per 1.0(& gaK/rpSr ' 

reducers comprising ethylene, propylene and butvlene tarooiwm*n 

proX^;;rofyr.r5'*;c'?^^^^^^^^^ 

ih«iah^K5tlJ^S'*!V !r"!l?^ '''^"on 'ow <»"ring flow of hydrocarbon Kouids 

Jit ^^^^^^ • copolymer of ethyleniprorylene. h doeJ 

SSJle 1:* eoncwtlrallon of the polymer/diluent solution added to the conduit. 
i*-«£Lili7f'"yi?*'''*^'w* P^'"" W"ion loss In hydrocarbon iquids floS throuoh 
to rSu^'ilSl' '•'Ving from Si rJirJmum IoJS 

lSS?fl?Ji!fin^.S*.^^^^ V"*"* ^^P*""' copolymer of butene-l and at least one other 
h 5h iTiSTiSf fS^u^^^^^ * ^'•^'"fl • ^'•'Sht average molecular weight sufnclently 

W to 90 rSlI irin?L^^^^^^^ hydrocarbon, flowing In plpannes. ."eld copolylSilgTC 
LJS.n?oS^f.fi?TiJ^ • rV*^'L^'** ""L^ '® '"0' P^'cent units derived from said other 
SStmSJSS; ^ri'*'"'".*,'**!'*' o""o'W 0^ butene-1 and said o hS 

•Iphajflonojefin <^^^^^^ .h, copolymer. A particular Inherent viscosity is not dewribed 

r.f.f«^ !!;.^? <»f «n »he area, genarally repreaeni eueh art. TheM 

tei^i^irr r.uW^^^ -'^^ v.rio*ui 

yu5i» 

ssa:;:',n%h^^:inr^^^^^^^^ '''-^•^ .u^rd«.ir.i^^^^^^^^^^ 

«m5ri2«n^iIJiS«'^!l'r.^^^ method f*. .•Judny Malon loM in hydrocarbon fluid, through conduit."" 
eomprLIng adding to Mid hydrocarbon fluid a high molecular weight poly(alpha-oienn) .u.Mndad In a 
te'SJirJl^^ri '"ir ?i •95"* " • of ie.. thanWweIgM S2en?5hn.ce5 

ino IJ !im o^nil"^''^'' polymer concentration In the nowinV hydrocarbon fluM 
S^fSJiT ili^'fi^?*^' ••'•'•e'^'zed In ihei the inherent viscosity of uld polyl.lphe-olefinl a. 
meeeured in low polynuclear aromatic .olv.nts at 25.0 to 25.e'C (77 to 7rF) at e .hear rate of aS 
r«:tpraoai. and at • concentration of O.lO g/lOO mi. i. et le..t ii.O. ' 

^\«t»PlSST^S!S^i^^^^ copolymers, or terpolymer. prepared by contecting 

•Ipha-olefln. containing from 2 to 30 cerbon atoms with • polymerization eaislyat. The eaialy.1 and method 
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of prepirfng thosi polyitif ri ti not crliical other than the Inherent vUcoslties of the resulting polymers must 
be greater than 11.0 dl/g at a shear rate of 300 a"', and that these materials be substanUally soluble in (he 
hydrocarbon liquid in order to reduce turbulent flow. It Is preferred in the method of the present Invention 
to have • polymer content of from 2 to 6 weight percent at an Inherent viscosity of from 13.0 to tS.Odl/a for 
maximum •ffectfveneea< ■ 

The drag reducing polymer, once prepared. Is placed in a suitable carrier aubstance. These materials 
•re usuaHy Inactive hydrocarbon solvents. Representative examples of such materials are ttraiahl chain 
aliphatic compounds or branched hydrocarbons such as ethane, propane. Isobutane. butane, pentane. 

LIa^ILJi!^!"?' '^I'o •"cyc«c hydrocarbons such as cyclohexane. 

methylcyclopentane, and letraiane. Aromatic hydrocarbons can also be used as represented by bemene 
toluene, and Jtylene. Mixtures and analogues of these compounds are elso useful as represented by Molex 
(tradename of Urjiversat Oil Products) raffinete. which Is a complex mixture of branched aliphatic. eycHc 
aliphatic, aromatic and trace amounts of unbranched aliphatic hydrocarbons. Uicflwisa uMful are low 
polynuclear aromatic aelvents. Further, the hydrocarbon diluent can be an alpha-olenn. 

h should be noted In the context of the present invention that when the alpha-elefln drag reducing 
polymer eontalna sigmncent amounts of lower olenns such as ethylene and butene. e small but signincant 
amount cX hydrocarbon-Insoluble material may be produced. This hydrocarbon-Insoluble material l« 
apparent in the diluted mixture prepared for Injection into the flowing hydrocarbon liquid, but such 
rnatenals dissolve in the much larger volumes of the flowing hydrocarbon fluid. Therefore, in the context of 
the present invention, these materials may be dissolved or suspended or • combination of these physical 
. . '"{•eted into the pipeline. In either case, the term "suspended" as used in this specincation and 
daima Indicates that the polymer can be totally or partially dissolved, with any undlsaolved polymer 
suspended In the hydrocerbon medium. 

In any event, once In this state, the material Is injected Into • conduit containing flowing hydrocarbona. 
M In contrast to materials which are produced at lower Inharent vtacosities, or those having high Inherent 
viscosities which are injected at concentrations of 10% by weight or more, the method of ttie present 
Invention shows a surprising Increase In drsg reduction effectiveness. 

The hydrocarbon liquids In which the additive used In the method of this Invention Is effective Include 
oieaglrtous or petroliferous liquids ss well as emulsions, suspensions, and dispersions thereof. For 
» example crude oil. reHned petroleum products such ss kerosene, pale oil. diesel on, fiiei oil or ssphait 
water-ln-oll emulsions or surfactants. Where the hydrocarbon liquid is a hydraulic fracturing fluid. It may 
also contain solid particulate matter such as sand as a propping agent, a fluid loss control additive and 
Other materials commonly added to fracturing fluids. 

It Is P«f*rred that the drag reducing polymer is formed from oleflns containing from S to 20 carbon 
M aloma which optionally can contain from 0.01 to 20% by weight of ethylene or propylene, and up to 50% 
butene^l eemonomer. Polymers so produced have an inherent viscosity of from ebout 11.5 to about i$.0 
and are placed In the flowing hydrocarbon fluid at a concentration of from 0.1 to 3.5% by weight of the 
dlluant or suspending agent. 

The invention ia more concretely described with reference to the examples below wherein all parts and 
« pareentagea are by weight unless otherwise specifled. 

Example 1 

A catalyst slurry was prepared by mixing under an inert atmosphere of dry argon. 0.1 04 g of TiClj • AA 
Type 1.1 catalyst from Stauffar Chemical Company). 0.36 ml of dried and deoxygenated Molex rafflnate 
m (Obtained from Conoco Chemicals; Molex is a trademarit of Universal Oil Products). This mixture waa 
stirred for approxlmetely 2 min In a dry box. ONn-butylether (60 mL dried and degasssd) was added. The 
mixture was thsn stirred vigorously for IS mIn in a small vial equipped with a microstir-bar. This mixture 
wee then trensferred to a ges-tight syringe. The vial was wsshed with 10 ml of low polynuclear aromatic 
solvent (LPA) and the wash material added to (he same syringe. 

Extmple 2 

The Cdtilyst of Exampit 1 was uitd In (hi preparation of a drag raduetng polymer. 
A mixture of 18$ ml of dried and deoxygenated low polynuclear aromatic aolvent, 3.6 ml of 
diethylelumlnum chloride (DEAC, purchased from Texas Alkyls as a 10% solution In heptane) and 41 ml of 
U dried and degassed decene-l was placed into a claan* dry l-quart bottle under an atmosphere of dry argon. 
The mixture was cooled to ^VC and agitated In e shaker bath at (00 rpm. 

The catalyst mixture described in Example 1 was edded to Initiate the polymerliatlon. The mixture 
became thick. After 3 h the bottle was removed from the temperature bath. A thermometer was placed Into 
the center of the viscous meterlal, recording e temperature of 6*C- The polymerlzitlon was. iharefora. 
aa eeml-adlabatlc due to the Insulation effect of the poly(decen$-l) mixture. 

Approximately 17 ml of methanol was added to deactivate the catalyst. The polymer mixture waa 
stabillied with about 0.01 weight parcent butylated hydroxy toluene (BHT) as an aniloxldanu The weight of 
polymer produced wee determined by pouring 64.9 g of the deactivated polymer mixture Into 400 ml f 
Isopropyl alcohol with sumclent mixing to precipitate a vlacoua material containing poly(decene-l). The 
€$ aubstance waa waahed with an additional 400 ml of isopropyl alcohols filtered and washed with 400 ml of 
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mtthanol to remove catalyst reiidue. The poty(decene*1) was collected by vacuum fituation and dried in a 
vacuum oven overnight lo produce 4.2075 g of polymer. The polymer solution thus contained 4.95% 
poly(decene-tK Thti polymer loluUon was used to determine the Inherent viscosity of dissolved polymer. 
The inherent viscosity was determined In LPA solvent at 25.3t0.3'C (77.S±0.5'F) using a Cannon- 
9 tJbbefohde four bulk shear dilution viscometer at a shear rate of 300 reciprocal t, 

Emmple 3 

A calibrated Cannon*Ubbetohde Four-Buib Shear Dilution Viscometer Is used to measure the fl w time 
for both solvent and polymer samples. Inherent viscosity values are cslculatad for each of the four bulbs. 
'0 These calculated values are plotted as a function of shear rate, and the resulting plot Is used to obtain the 
Inherent viscosity at a shear rate of 300 s'^ 

Approximately O.S g of the drag reducer material (for example, a solution containing 4.95 weight 
percent polytdecene-l) in LPA solvent as obtained in Example 2) is placed Into a clean, dry Irlenmeyer flask 
equipped with a ground glau stopper. LPA solvent Is added to generate a concentration of 0.10 g 
^9 polymer/100 mi. The stoppered flask is placed on a magnetic stirrer and stirred until dissolution Is 
complated. The stirring speed Is set to minimize shear degradation of the polymer. Shear degradation will 
produce an anomalously low Inherent viscosity velue. 

LPA solvent (10 ml) is pieced Into the viscometer, and the viscometer Is Immersed Into a weter bath. 
The system la allowed to equilibrate for at least 20 min, 
M The efflux time for each bulb is determined according to the procedure supplied with the viscometer. 
The viscometer is cleened end dried by flushing with hexane, then with acetone. The efflux time for the 
aample solution ia measured following the same procedure as usad for the LPA solvent. 
The Inherent viscosity for each bulb la calculated using the following equations: 

U Relative Viscosity (nr«i)*t|,iii.AMiwm 

where« 

t^aefflux time of the solution, 
t..i^«efflux Ume of the solvent. 

JS 

inherent Viscosity (niiiii)"lik flni/c 

where, 

C«coneentretlon in g/dl. 
^ . .T^e shear rate for each bulb la calculated using the relationship: 

Shear Rate (Yl"KA«tt». 

wharOj 

K-eheer rate constent , 
as A plot of shear rate vereue Inherent viscosity Is made. The Inherent viscosity at a shear rate of 300 ia 
then determined. 

« 

Examples 4 to 8 

The Instant invention was demonstrated In e pipeline. A polymer solution containing 10.8% 

« polv(decene*1) with an inherent viscosity of 1 1.9 dl/g at a shear rate of 300 a'^ was made using a procedure 
lilnrinar to Examples 1 and 2. Conditions and quantities were adjusted to yield 10.8% polymer. 
Approximately 12 weight percent decene-1 was charged Into the polymerization vessel The polymerization 
was terminated with alcoholi The weight percent polymer content was dotermined by the procedure set 
forth In Example 2. The inherent viscosity of the dissolved polymer was determined by the four bulb 

90 vieoometer procedure as dsKrlbed in Example 3. 

Tho 10.8% polymer solution was diluted with LPA to yield a 5.95% and a 0.94% polymer solution. A 
Pfaudler mixer was usad to conduct the dilution. The agitator was set at a low mixing speed to prevent 
shear deterioration of the polymer. 

The effactiveneas of the dreg*reduclng materials so produced was tested In the Kingfisher pipeline In 

Si Oklahoma. Thia crude oil pipeline runa from the Kingfisher pump station near Hennessey. OUehoma, to a 
tank etorega area In Orlandoi Oklahoma. The Inner diameter of the pipeline ia 20-8 cm (8.24 inchee) and the 
total langth of 45.S km (26.3 milea). Drag reducar performance was eveluated in the first 11.9 Km (7.4 mile) 
aeetlon of the pipeline from the Kingfisher pump station. Dual-piston positive displacement pumps were 
used to maintain pipeline flow. The drag reducers were Injected directly Into the 20.9 cm (8.24 inch) line 

IP downstream of the pump at Kingfisher. The crude oil flow rate during the tssts was approximately 151.7 l/h 
(1,272 berrela per hourK which corresponds to a pipeline flow velocity of 161.5 cm/s (S.3 ft/a). As e control e 
poly(decene*1) solution was prspsred containing 6.10% polymer having an inherent viscosity of 9.5 dl/g et 
e shear rata of 300 a"'. ^ . • 

Teat results are sat forth In Table 1« where Exemplea 4 and 8 are control experimental and Examples S. 

It 6 and 7 damonstrate tho present Invantion. 
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Ixample 


W«i9ht 
polymer 


TABLE 1 

Inherent 

viscosfty 
(dl/Q at 300 


Polymer 
injeeied into 
pipeline (ppm) 


Percent 
dreg 

reduction 




4 


10.8 


11.9 


4.0 


33 


n 


6 


6.95 


11.9 


3.1 


36 




9 


0.94 


11.9 
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7 


0.94 


11.9 


0.84 


19 


II 


8 


6.10 


9.5 


3.1 


20 



Eximptee 9 to 11 

Pi.rttT.XI!iT^ff1!v!!T\^T* '^'^l';"* •^"•"^ N*"* ^« connecting Coneee'i Murehtion 
dimZm TttlTn^ * ComtcOtx^ pipeline segment Is 37.5 cm (14.75 inches) In 

J!7«i i2L u i?.^ '•"8*'' production from the Murchiion 

platform. The Murchlaon crude propertlet ire: viii»w.i 



API gravity 
Vlicoelly. Ca 



38J* 

11.3-12.4 at OX (32*F| 
6.4-8.8 at 21'C (70'F) 
3.6-3.7 at (100*F) 



Inherent vlicoslty of the polymer was 1 1.9 dl/g at a shear rate of 300 1" Examole 11 usftdVdVMwIi.ilir 
SrofTo??-,' 'PP'^""-'^ PoSVldecene-liro^l'lUnVSU^^^^^^^ 

oolvm.TS«? l?!!Slll"«lV i*? "''ro • ?'»9 reducer with an Inherent viscosity of 9.8 at a 

polymer content of 10.5% prior to inieeiing Into the pipeline. Test results are presented in Table 2. 
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TABLE 2 








Example 


Wel9ht 
percent 
polymer 


Inherent 

viscosity 
(dl/g 9 300 I-*) 


Polymer 

Injected into 
pipeline (ppm) 


Percent 

dreg 
reducUon • 


Calculated 

Bow 
Increase 




9 


10.8 


11.9 


•10 


19 


12 




10 


3.0 


1U 


10 


M 


46 




11 


ia6 


9.5 


27 


17 


11 



.„KZJ. J .!!i?Kl-? »*^ ^?^/*''*, P^r'o""*"" 0' the 11.9 Inherent viscosity material Is greatly 
enhanced by dilution prior to injection into the pipeline. When comparing Example 9 with ExampiS 10. e 
flow incresse of about 46% was obtained using the diluted material (10). compared lo only • 12% Increase 
In flow using the concemrated drag reducer (9). Comparative Examples 9 end H showed only 12% and 

^J^TJ:f:.vTf'^''''Vl^J* was e great deal of difference in Inherent vlL)sUieV 
,^«««,.l!.S!* '! ' ^ ^^^^ •''•'•"y. it Is believad that the higher weight 

JZr.ri S?Jl "T" ^Jth T»" higher 

3i 1S?hl!^i?l l^**^*'- 'i^ '•^'""'on " »he material Is dissolved in the 

crude oil. This hypothesis Is supported by the data as evidenced by comparing Example 6 with Example 8. 
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1. A mtihod for reducing friction I088 in hydrocarbon fluids through conduits comprising adding to 
%9id hydrocarbon fluid a high molecular weight poly(alpha-olefin) suspended in a hydrocarb n diluent or 

$ iuepending agent at a concentration of less than 10.0 weight percent when placed Into the flowing 
hydrocarbon fluid and the total polymer concentration In the flowing hydrocarbon fluid ranging from O.Oi 
to 500 ppm. characterised in that the Inherent viscosity of said poly(alpha-olefin) as measured in low 
polynuclear aromatic solvents at 25.0 to 25.rc (77 to 7rF) at a shear rate of 300 reciprocal s and at a 
ooncentration of O.IOg/lOOmI, Is at least 11.0. 

le 2. The method of claim 1i wherein the concentration of polymer prior to Insertion la S.0 weight percent 
or lees of the hydrocarbon diluent or suspending agent. 

3. The method of claim 1 or 2, wherein at least half of the poly(alpha-olefln) polymer is formed from 
olefins contolning from 5 to 20 carbon atoms, 

4. The method of claim 3. wherein from 0.01 to 20% by weight of the polylalpha-olefin) polymer Is 
If formed from ethylene or propylene. 

5. The method of any of claims 1 to A, wherein from 1 to 50% by weight of the poMalpha-oienn) it 
formed from butene-1 comonomer. 

6. The method of any of claims 1 to 5. wherein the polymer placed In the flowing hydrocarbon fluid has 
an Inherent viscosity of from 11.S to 15.0. 

10 7. The method of any of claims 1 to 6, wherein the polymer solution or mixture placed in the flowing 
hydrocarbon fluid has a polymer concentration of from 0.1 to 3.$% by weight of the diluent or eusponding 
agent 

PatefitanepvOohe 

29 

1. Verfahren zur Verrlngarung des Relbungsvertustes In KohlenwassersiofflOssIgkeiten durch 
leitungen, bel dem der KohlenwauerstofflOssigkeit ein Poly{alpha«olefin) mit hohem Molekuiargewlcht* 
auependiert In einem Kohlenweaserstoffverdunnungsmittel Oder •suspendiermlttel in einer Konzentratlon 
von wenlger eis 10.0 Gew.-%, wenn es In die flieSende KohlenwasserstofflQsslgkelt gageben wird, 
JO zuaegeben wlrd« wobel die Qesamtpolymerkonzentration In der flieSenden KohlenwasserstofflOssIgkelt 
bet 0.01--500 ppm liegt. dadurch gekennselchnet. daft die InhSrente Viskositlt des Poly(alpha*otefins)« 
gemeaaen in niedrigmehrkernlgen aromatlschen LOsunosmltteIn bel 28,0— 2B,6X) (77— 7rF) bel einer 
Schergeeehwindigkatt von 300 raziproken s und bel einer Konzentration von 0,10 g/100 ml, wenigslens 1 1«0 
batrigt. 

If 2. Varfahran nach Anspruch 1, wortn die Konzentratlon des Polymers vor der Einbringung 5.0 
Gewichtsprozent oder. wenlger des Kohlenwasaorsloffverdunnungsmittela Oder -suspendierminels 

3. Verfahren nach Anspruch 1 Oder 2. worin wenigslens die Hiifte des Polylalphe-olefin) polymers aus 
Oiafinan, anthaltand 5 bla 20 Kohlenstoffatome, gebildet wird. 

40 4. Verfahren nach Anspruch 3, worin 0,01 bis 20 Gaw.«% des Polylalpha-oleftn) poiymen aus Ethylen 
Oder Propylen gebildet wlrd. 

6. Verfahren nach eInem der AnsprOche 1 bis 4. worin 1 bis $0 Oew.*% des Poly(atpha-olefins) aus 
Buten>l -Comonomer gebildet wfrd. 

6. Verfahren nach eInem der AnsprOche 1 bis 5. worin das In die flieSende Kohlenwasserstofflussigkeit 

41 gagabana Polymer etna Inhlrante VIskosltAt von 11.S bis 15.0 besiut. 

7. Verfahren nach einem der AnsprOche 1 bis 6, worin die PolymerlSsung Oder -mischung, die In die 
fliaQende Kohlenwasseritofflusslgkelt gegeben wird. eine Polymerkonzentratlon von 0,1 bis 3.5 Gew.-% 
daa Vardunnungsmlnels oder Suspendiermittels besitit 



1. ProcMi pour ridulre la parte par fronement dans des fluides hydrocarbonAs dans des c ndultes, 
comprenant Taddition h ce fluids hydrocarbon^ d'une po1y(alphs*olifine] da masse moliculaire ilevie en 
Sus|)ensIon, dans In diluent ou agent de suspension hydrocarbon^, h une concentration InfArleure i 10,0% 
as tn potds lorsqu'alla est introduce dans le flulde hydrocarbon^ s'icoulant, el la concentration lotale en 
polym^re dans le flulde hydrocarbon^ s'icoutant itant de 0.01 A 500 ppm. caract^rlsi en ce que la viscosity 
Inh^renie de cette poly(alpha-olAfine), mesur^e dans des solvents pauvres en aromatlquas polynucliaires 
da 25.0 ft 25,60*C (77 A 7rP) h un gradient de cisaillemeni de 30Q/S et h une concentration de 0,10 g/100 ml, 
ast d'au moins 11,0. 

0 2. ProcidA selon le revendicalion 1, dana lequel la concentration du polymira avant I'introduction est 
da 6,0% en poids ou motns du dlluant ou de regent de suspension hydrocarbon^ 

1 Proc<d4 aelon les revendlcatlon 1 ou 2, dans lequel au moins la moUii du polymftre de 
poly(elpha-oliflne) est formd d'ol6fines en C$ h Cto. 

4. Pr cidi selon revendlcatlon 3, dans lequel da 0.01 k 20% en polds du potymftra de polylslpha* 
if oMflne) sont f rmis d'ithylina ou de propylene* 
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